Fluorescence measurements of the binding of cations to high-affinity and low-affinity sites on ATP-G-actin.
The binding of cations to ATP-G-actin has been assessed by measuring the kinetics of the increase in fluorescence of N-acetyl-N'-(5-sulfo-1-naphthyl)-ethylenediamine-labeled actin. Ca2+ and Mg2+ compete for a single high-affinity site on ATP-G-actin with KD values of 1.5-15 nM for Ca2+ and 0.1-1 microM for Mg2+, i.e. with affinities 3-4 orders of magnitude higher than previously reported (Frieden, C., Lieberman, D., and Gilbert, H. R. (1980) J. Biol. Chem. 255, 8991-8993). As proposed by Frieden (Frieden, C. (1982) J. Biol. Chem. 257, 2882-2886), the Mg-actin complex undergoes a slow isomerization (Kis = 0.03-0.1) to a higher affinity state (K'D = 4-40 nM). The replacement of Ca2+ by Mg2+ at this high-affinity site causes a slow 10% increase in fluorescence that is 90% complete in about 200 s at saturating concentrations of Mg2+. Independently, Ca2+, Mg2+, and K+ bind to low-affinity sites (KD values of 0.15 mM for Ca2+ and Mg2+ and 10 mM for K+) which causes a rapid 6-8% increase in fluorescence (complete in less than 5 s). We propose that the activation step that converts Ca-G-actin to a polymerizable species upon addition of Mg2+ is the binding of Mg2+ to the low-affinity sites and not the replacement of Ca2+ by Mg2+ at the high-affinity site.